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The Freshwater Mussels (Mollusca: Bivalvia: Unionidae) of the 
Boone River, North Central Iowa 
ELLET HOKE 
Midwest Malacology, Inc., 1878 Ridgeview Circle Drive, Manchester, Missouri 63021 
A survey of the freshwater mussels of the Boone River conducted in September 1982 documented a fauna consisting of seventeen then 
extant or relict species. Analysis of museum records yielded one additional species unrecovered since 1937. Subsequent to the 1982 
study, additional surveys were conducted in the region in 1984-1985 and 1998-1999 as a part of two statewide surveys. A comparison 
of the results of the three studies suggests a significant decline in the unionid fauna in the Boone River since 1982. While it is almost 
certain that a real decline in the fauna has occurred, the extent of this decline is subject to question due to differences in sampling 
methods. 
INDEX DESCRIPTORS: mussels, unionids, mollusks, Boone River, Des Moines River. 
The Boone River is a small tributary of the Des Moines River in 
north central Iowa. The river drains portions of Hamilton, Hancock, 
Humbolr, Kossuth, Webster, and Wright counties, and encompasses 
a basin of 2,347 km2, or approximately 6.26% of the 37,470 km2 
total area of the entire Des Moines River Basin. The topography of 
the Boone River Basin is rolling and the result of multiple glacial 
advances (Fenneman 1938). The unionid fauna of this region, and 
indeed of Iowa as a whole was poorly known in 1982 when this 
study was conducted. Subsequent to 1982, a number of sites in the 
Boone River were sampled during two statewide surveys (Frest 1987; 
Arbuckle et al. 2000). 
METHODS 
Collection sites were sampled at intervals along the Boone River 
with site selection largely determined by the presence of bridges for 
easy access to the stream and by the absence of "No Trespassing" 
signs on adjacent land. All locales were collected when river levels 
were low. Sites were sampled by hand and occasionally with the aid 
of a garden rake. The most productive method of obtaining speci-
mens proved to be scouring sand and gravel bars for fresh shells. 
Live specimens were usually recovered by walking through the river 
and locating individuals by sight. Raking the stream bottom did 
not result in the addition of any species at any site, but was useful 
in locating individuals in deeper pools. 
Collection sites were generally sampled upstream from bridge ac-
cess points for distances of as much as two kilometers, though in 
some instances reaches were also collected below bridges as well. Sites 
were collected until diversity plateaued. The time spent at each site 
ranged from 1.0 to 3.7 hours, and averaged 2.25 hours per site. 
Recently dead shells were retained in preference to live individuals, 
and hence few live specimens were taken. Most live specimens en-
countered were briefly examined and identified and then gently re-
turned to the substrates from which they had been withdrawn. Spec-
imens recovered were generally identified by the author, however, in 
several instances, specimens were sent ro personnel of the Museum 
of Biological Diversity, Ohio State University for verification. Union-
ids collected during the survey have been deposited at the Museum 
of Biological Diversity, Ohio State University in Columbus, Ohio. 
The taxonomy utilized in this paper follows Turgeon et al. (1998). 
In addition to the fieldwork conducted along the Boone River, a 
number of research facilities were visited with the goal of locating 
additional species from the region. The collections of the following 
institutions were examined in this effort: the Carnegie Museum of 
Natural History, Pittsburgh, Pennsylvania; the Field Museum of 
Natural History, Chicago, Illinois; and the U. S. National Museum, 
Washington, D.C. 
RESULTS 
Eight localities along the main stem of the Boone River were 
examined between 4 September and 26 September 1982 (Fig. 1). 
Five of the sites were located in Hamilton County, three above and 
two below Webster City, Iowa. The remaining three sites were col-
lected in the western portion of Wright County. Survey activities 
documented a unionid fauna consisting of seventeen species (Table 
1). Based upon the condition of the shells collected, most of the 
species documented in this study appeared to be extant at the time 
of collection, however, two species, Lasmigona compressa and Lasmigona 
costata were represented only by greatly weathered or sub-fossil shells 
suggesting their possible elimination from the river prior to 1982. 
Actinonaias ligamentina, Elliptio dilatata and Uniomerus tetralasmus were 
represented generally by older shells, though these species may have 
been present in the river as live populations. Lampsilis teres and Tox-
olasma parvus were recovered as recent shells. The remaining ten spe-
cies were collected as live individuals from least one of the eight 
collection locales sampled. 
Most of the species recovered in the survey were geographically 
well distributed in the stream, and ten species were collected at six 
or more of the eight sites sampled. Anodontoides ferussacianus, Lampsilis 
siliquoidea, Lasmigona c. complanata, and Strophitus undulatus were pre-
sent at every collection site sampled. Amblema p. plicata and Fusconaia 
flava were recovered at every site except sire 8, and two other species 
(Lampsilis cardium and Quadrula p. pustulosa) were recovered at all of 
the lower six collection locales. Elliptio dilatata and Pyganodon grandis 
were also collected from six of the eight collection sites. 
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Fig. 1. Sites collected along the Boone River in 1982. 
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Lampsilis teres, Ligumia recta, Uniomerus tetralasmus and (to a lesser 
extent) Lasmigona costata were confined to the lower reaches of the 
Boone River in this survey. Actinonaias ligamentina was recovered 
from the central reaches of the stream only. In contrast, the distri-
butions of Lasmigona compressa, and Toxolasma parvus were primarily 
restricted to the upper four collection locales. 
Unionid species diversity was 10.75 species per site for the entire 
survey, with diversity at individual sites ranging from a low of six 
to a high of thirteen species. The lower six sites contained an average 
of over twelve species per site, while the diversity at sites 7 and 8 
averaged only 7.5. The upstream decrease in diversity parallels the 
decline in the size of the river at the later sites, and especially at site 
8, also correlated with a decrease in the extent of riparian vegetation. 
Examination of collections at the Field Museum of Natural His-
tory in Chicago, Illinois resulted in the location of a number of 
specimens from the Boone River, and increased the known fauna for 
the river by one additional species, Alasmidonta marginata Say 1818, 
collected at Webster City in 1937. No specimens from the region 
were located at any other museum visited. 
DISCUSSION 
The writer's general impression of the unionid fauna of the Boone 
River in 1982 was that it was quite healthy. Though some species 
were possibly in trouble, most unionids were well distributed 
throughout the stream, and recent shells and live unionids were rel-
atively abundant. The water appeared to be clean, and species such 
as Ligumia recta and Strophitus undulatus previously recovered by the 
writer only in badly weathered condition from the waters of other 
prairie streams were observed alive. Though not pristine, the Boone 
River in 1982 was the most productive prairie stream the writer had 
ever collected. 
Subsequent to 1982, the river was sampled in 1984-1985 and 
1998-1999 in conjunction with statewide surveys conducted by 
Frest (1987) and Arbuckle et al. (2000) respectively. The 1984-1985 
study sampled three locales below Webster City, while the 1998-
1999 study sampled four sites below Webster City (including all of 
the 1984-1985 study locales) and one site upstream in the southern 
portion of Wright County. 
The results of the three studies are presented in Table 2. The 1982 
survey was successful in obtaining 17 species from the Boone River, 
including 13 species previously reported in other chronologically 
later studies and four species (Lampsilis teres, Lasmigona compressa, Tox-
olasma parvus, and Uniomerus tetralasmus) that were not recovered from 
Table 1. Unionid mollusks collected from the Boone River in 1982 by collection site: L = live; R = recent shell; D = slightly 
to moderately weathered shell; WD = very weathered shell; S = subfossil or chalky shell. 
Species 2 3 4 5 6 7 8 Total 
Actinonaias ligamentina (Lamarck, 1819) D D WD 3 
Amblema p. plicata (Say, 1817) L R R R WD D s 7 
Anodontoides ferussacianus (Lea, 1834) R R R R R L R R 8 
Elliptio dilatata (Rafinesque, 1820) WD WD s D s D 6 
Fusconaia flava (Rafinesque, 1820) L R aL aL R R R 7 
Lampsilis cardium (Rafinesque, 1820) aL aL aL R R L 6 
Lampsilis siliquoidea (Barnes, 1823) R D aL R R L s s 8 
Lampsilis teres (Rafinesque, 1820) s R 2 
Lasmigona c. complanata (Barnes, 1823) R s R aL R L R aL 8 
Lasmigona compressa (Lea, 1829) s 1 
Lasmigona costata (Rafinesque, 1820) WD s s 3 
Ligumia recta (Lamarck, 1819) R L 2 
Pyganodon grandis (Say, 1829) R D s R R aL 6 
Quadrula p. pustulosa (Lea, 1831) L L R R R R 6 
Strophitus undulatus (Say, 1817) R R aL R R R R aL 8 
Toxolasma parvus (Barnes, 1823) R R s s 4 
Uniomerus tetralasmus (Say, 1831) D 1 
Total Species Collected 13 10 12 13 10 13 9 6 86 
Collection time in hours 3.66 3 1 2.5 1.66 3.25 2 1 18.07 
aLive specimens present, but only fresh dead shells retained as vouchers. 
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Table 2. Unionid mollusks reported for the Boone River by study and best condition of shells recovered. The following des-
ignations for shell condition apply to the current study only: L = live; R = recent; D = slightly to moderately weathered; WD 
= very weathered; S = subfossil or chalky shell. 
Frest Arbuckle 
Hoke (1987) et al. (2000) Field Museum 
Cat. No. Species 1982 
Actinonaias ligamentina (Lamarck, 1819) D 
Alasmidonta marginata Say, 1818 
Amblema p. plicata (Say, 1817) L 
Anodontoides ferussacianus (Lea, 1834) L 
Elliptio dilatata (Rafinesque, 1820) D 
Fusconaia flava (Rafinesque, 1820) L 
Lampsilis cardium (Rafinesque, 1820) L 
Lampsilis siliquoidea (Barnes, 1823) L 
Lampsilis teres (Rafinesque, 1820) R 
Lasmigona c. complanata (Barnes, 1823) L 
Lasmigona compressa (Lea, 1829) s 
Lasmigona costata (Rafinesque, 1820) WD 
Leptodea fragilis (Rafinesque, 1820) 
Ligumia recta (Lamarck, 1819) L 
Pleurobema sintoxia (Rafinesque, 1820) 
Potamilus ohiensis (Rafinesque, 1820) 
Pyganodon grandis (Say, 1829) L 
Quadrula p. pustulosa (Lea, 1831) L 
Strophitus undulatus (Say, 181 7) L 
Toxolasma parvus (Barnes, 1823) R 
Uniomerus tetralasmus (Say, 1831) D 
Utterbackia imbecillis (Say, 1829) 
Total Species Recovered 17 
Percentage of Total Species (22) Recovered 77 
1984-5a 
D 
L 
D 
L 
L 
L 
L 
D 
D 
s 
s 
L 
12 
55 
1998-1999b 
R 
L 
R 
L 
L 
R 
L 
L 
L 
L 
R 
L 
12 
55 
224007, 224010 
224023 
224014-15, 224027 
224017 
4 
18 
aFrest's (1987) shell conditions generally do not coincide with those of the author. They are as follows: X = live; 0 = recently dead (20 
years old or less); + = long-dead (over 20 years old). I have assumed that any specimen greater than 20 years old would probably be in 
chalky or subfossil condition and classified it as an "S". Specimens 20 years old or less would encompass my designations of R, D, and WD 
and I have arbitrarily designated all such specimens as "D" or slightly to moderately weathered. 
b Arbuckle et al. (2000) list all species recovered as either live or recently dead. 
the stream in subsequent surveys. Each of the post 1982 studies 
recovered twelve species. Seven species were collected in both studies, 
and each survey also recovered five species unreported by the other. 
In total, the two later surveys combined reported 1 7 species for the 
Boone River. 
It is difficult to compare the results of the three surveys, since the 
methods, the number of collection sites, and the collection locales 
often differ. More species were recovered in the 1982 study, but that 
study also collected more sites. There are, however, several obvious 
indications of a decrease in the unionid diversity of the Boone River 
between 1982 and 1999. The first of these is the average number of 
species collected per site. The 1982 survey figure of 10.75 species 
per site, contrasts sharply with 8.0 species per site in the 1984-1985 
study, and 4.25 species per site in the 1998-1999 survey. These 
figures suggest a decrease in unionid diversity through time, and 
this was in fact the conclusion of Arbuckle (2000) in her analysis of 
their study results as compared to those of the 1984-1985 survey 
for the Iowa unionid fauna as a whole. 
A simple comparison of species recovered by study does not ade-
quately portray the extent of differences between the various surveys 
since it fails to address the geographic frequency of individual spe-
cies. One of the most significant findings of the 1982 survey was 
that many species exhibited a more or less continuous presence from 
the lower to the upper portions of the Boone River, with ten species 
present at 75 percent or more of the eight locales sampled. Since 
these ten unionids were so widespread, one would expect them to 
be widely recovered in succeeding studies. 
Table 3 computes a crude measure of frequency for each of the 
ten most common mussels recovered in the 1982 survey. For each 
study the frequency of each unionid was computed by dividing the 
number of sites from which a given species was recovered by the 
total number of sites sampled in that survey. The result, with few 
exceptions, appears to be a pattern of deterioration in the frequency 
of collection of these formerly common species through time, with 
the highest frequencies in the 1982 study, and the lowest frequencies 
in the 1998-1999 collections. 
The deterioration implied by declines in frequency for individual 
species is consistent with nation wide declines in unionoid popula-
tions (Williams et al. 1993). Of particular concern are formerly wide-
ly distributed species such as Elliptio dilatata, Quadrula p. pustulosa 
and Strophitus undulatus that were not even recovered in the 1998-
1999 survey, and dramatic decreases in the frequency of formerly 
widespread bivalves such as Anodontoides ferussacianus and Fusconaia 
flava. Unless there are major differences between the collection sites 
selected in the three studies or problems with some of the specific 
collection methods employed in one or more of the surveys, the 
results of the three studies suggest substantial declines in the unionid 
fauna of the Boone River over a period of less than twenty years. 
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Table 3. Analysis of species frequency by study for species found to be widely distributed in 1982. 
aspecies Frequency Change 1982 to 1999 
Hoke Frest Arbuckle et al. Change Percentage 
Species 1982 (1987) (2000) Amount Change 
Amblema p. plicata (Say, 1817) 88 67 60 (28) (31) 
Anodontoides ferussacianus (Lea, 1834) 100 0 20 (80) (80) 
Elliptio dilatata (Rafinesque, 1820) 75 100 0 (75) (100) 
Fusconaia flava (Rafinesque, 1820) 88 67 20 (68) (77) 
Lampsilis cardium (Rafinesque, 1820) 75 100 100 25 33 
Lampsilis siliquoidea (Barnes, 1823) 100 67 40 (60) (60) 
Lasmigona c. complanata (Barnes, 1823) 100 67 60 (40) (40) 
Pyganodon grandis (Say, 1829) 75 0 40 (35) (47) 
Quadrula p. pustulosa (Lea, 1831) 75 33 0 (75) (100) 
Strophitus undulatus (Say, 1817) 100 100 0 (100) (100) 
Average 88 60 34 (54) (61) 
aspecies frequency is computed for any given species by dividing the number of sites a species was recovered by the total number of sites 
collected in the respective study. The divisor is thus constant for a given study, but changes between studies (Hoke = 8; Frest = 3; 
Arbuckle et al. = 5) to be compared. The dividend is always the number of sites at which the species was found to be present. 
Table 4. Analysis of sampled results from sites sampled in 
multiple studies. 
Comparison 
Site Number 
a species 
Total 
Percentage of Total Species 
Arbuckle 
Hoke Frest et al. 
1982 1984-19851998-1999 
Comparison of 1982 results to other studies 
Site 1 14 92.86 50.00 35.71 
Site 6 14 92.86 hN/A 42.86 
Average 14 92.86 NIA 39.29 
Comparison of Prest (1987) and Arbuckle et aL (2000) collection 
results 
Prest Site 113c 
Prest Site 114 
Frest Site 115 
Average 
8 
12 
10 
10 
87.50 
83.33 
70.00 
80.28 
62.50 
41.67 
50.00 
51.39 
aFor 1982 comparison the total number of species recovered from 
the site in all studies; for Frest comparison the total number of 
species recovered at the site by Prest (1987) and Arbuckle et al. 
(2000) only. 
bNot collected by Frest (1987). 
csite 113 is the same as Site 1 above. 
Although the three surveys did not sample the same collection 
sites in total, two of the locales visited in the 1982 survey were 
subsequently collected by Arbuckle et al. (2000), and one was also 
sampled by Frest (i987). lrt addition, three sites were collected in 
both the 1984-1985 and 1998-1999 surveys. Table 4 compares the 
collection results for sites common to more than one survey, and in 
all instances reveals marked decreases in species diversity through 
time. The decreases in the fauna at Prest's (1987) collection sites are 
particularly troubling in light of the Arbuckle and Downing (2000) 
claim that their sampling method "was designed to yield at least as 
intensive a survey at each site as performed in the 1984-1985 study." 
In view of this statement, one would expect the 1998-1999 collec-
tion results to be more productive than those of the 1984-1985 
survey, however, they failed to recover five of the twelve species col-
lected at the same sites in the earlier study, and more significantly 
recovered almost 50 percent fewer species on average from the same 
sites. 
The 1982 study was conducted by one individual usually walking 
upstream from bridge access points for distances of 1.5 to 2.5 kilo-
meters. The 1984-1985 study (Frest 1987) utilized one collector 
walking along and in streams with the length of the reaches sampled 
varying from around 0.8 km (2 sites) to as much as 1.6 km (1 site). 
The 1998-1999 survey sampled rivers of medium size (width less 
the 25 m) for a distance of one half kilometer (2 sites); larger streams 
(width greater than 25 m) for a distance of one kilometer (3 sites); 
and the sampling was conducted by three individuals walking in 
tandem through the river (Arbuckle and Downing 2000). In addi-
tion, the 1998-1999 survey selected 60 one meter square quadrants 
at each site and dug these out to a depth of 20 cm in an effort to 
locate buried specimens. 
There are three primary differences in the methodologies em· 
ployed in the three surveys: number of individuals involved in the 
collection effort; the excavation of 60 one meter square sample quad-
rants; and the actual length of the reaches sampled. The involvement 
of more than one individual in walking streams and the excavation 
of stream substrates was employed only in the 1998-1999 survey, 
and the use of these methods should logically be expected to improve 
collection results. Since these methods were only utilized in the sur-
vey that was the least successful of the three, in terms of the number 
of species recovered per site, their usage cannot account for the sig-
nificantly less productive collection results of that study. 
The only remaining methodological difference in the studies is 
the length of the river actually sampled at each collection site. The 
reaches of the Boone River collected were greatest in extent in the 
1982 study, and shorter and more or less equivalent in the latter 
surveys. The actual length of the reaches walked thus appears to 
correlate with the greater diversity recovered in the 1982 survey, and 
to a lesser extent in the 1984-1985 survey. This is not particularly 
surprising in that it can probably be assumed that a longer stream 
collection area will encompass a greater number of microhabitats and 
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thus potentially a greater number of unionid species. Longer stream 
segments also are likely to contain more riffle areas, favored by many 
unionid species, and to increase the number of raccoon related mussel 
kills encountered. 
River levels at the time of collection may also, in part, explain 
some of the differences in the findings of the three surveys. In Sep· 
tember of 1982, the Boone River was extremely low, as a conse-
quence, it was easy to see live mussels in the river, and animals had 
been very successful in locating and devouring mussels along the 
reaches surveyed. The author was unable to locate information on 
Boone River collecting conditions for the two latter studies, however, 
if higher water levels were present during one or both of the latter 
studies, it is likely fewer mussels would be encountered. 
The known unionid fauna of the Boone River is now documented 
to include 24 species. Twenty three species have been documented 
in recent surveys conducted between 1982 and 1999, and one bivalve 
is known only from a museum specimen collected in 1937. Com-
parison of recent collection results from the Boone River suggest a 
progressive decrease in the unionid fauna of the stream, however, it 
is unclear if this accurately mirrors the condition of the unionid fauna 
through time, the diminishing length of the collection sites surveyed 
in the three studies, or other variables such as river level. Anecdotal 
accounts from the region suggest a decline in the abundance of 
unionids in the Boone River between the mid 1970's and the present, 
especially below Webster City, and based upon national trends a 
decline in species diversity seems likely. The results of the 1982 
survey suggest the extent of the decline in the Boone River may be 
even greater than that indicated from a comparison of the 1984-
1985 and 1998-1999 surveys alone, since it indicates an even greater 
potential loss of species and a significant decline in the frequency of 
many formerly common unionids as well. It seems likely, however, 
that some of the decline indicated for the Boone River in the latter 
surveys may reflect the more limited reaches of the river sampled in 
those surveys. It is suggested that collection sites sampled in the 
1982 study be resampled when water levels are low utilizing the 
methods employed in that survey in order to determine the extent 
of any decrease in the unionid fauna. The outcome of such a study 
would clarify the current status of unionid mollusk populations in 
the Boone River, and might also be of value in evaluating the results 
of the statewide surveys of Frest (1987) and Arbuckle et al (2000). 
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